Objectives: To evaluate the relationship between Patient-centered Medical Home (PCMH) model adoption in health centers (HCs) and clinical performance measures and to determine if adoption of PCMH characteristics is associated with better clinical performance.
T he Patient-centered Medical Home (PCMH) model of care dates back to the 1960s, when it was originally conceived to improve care for children with special needs. The 7 core features of PCMH are: (1) a personal primary care physician, (2) a physician-directed medical practice, (3) whole person orientation, (4) coordinated or integrated care, (5) quality and safety, (6) enhanced access, and (7) payment reform. 1 In the recent years, support for the expansion of PCMH has rapidly increased. 2, 3 Currently, the model is being applied through a growing number of demonstration projects, each with its own evaluation of effectiveness. 4, 5 One such application is through health centers (HCs), which receive funds from the Health Resources and Services Administration (HRSA) to provide primary care services to medically underserved populations. 6 As of 2012, >21 million patients were served by HRSA-supported HCs. 7 HCs are poised to implement the PCMH model as they have proven to be effective in providing comprehensive, accessible, and continuous primary care. 8, 9 HRSA's PCMH initiative supports HCs' efforts to adopt PCMH features and gain recognition by the National Committee for Quality Assurance, by providing education, training, technical assistance, and fee waivers for gaining recognition. 10 By the end of fiscal year 2014, HRSA aims to have approximately 40% of HCs recognized. 11 Although preliminary evaluations show that PCMHs promote improvements in health care access and quality, [12] [13] [14] most report inconclusive results because of insufficient sample sizes to detect significant effects or lack of association between PCMH measures and clinical outcome. 3 Large-scale evaluations of the PCMH model, particularly in safety-net settings like HCs, are needed. To address this gap, the current study evaluated the relationship between PCMH model adoption in HCs [as determined by the Safety Net Medical Home Scale (SNMHS)] and clinical performance measures, to determine if adoption of PCMH characteristics is associated with better clinical performance.
METHODS

Data
HC-level data came from HRSA's 2009 Uniform Data System (UDS) and the 2009 Commonwealth Fund National Survey of Federally Qualified Health Centers. The UDS collects data on an annual basis from HCs on patient demographics, costs, revenue, provision of services, staffing, utilization rates, and clinical indicators.
In 2009, the Commonwealth Fund conducted a national survey of HCs to assess if HCs have the capacity to function as high-performing sites of care. 15 The sample was drawn from a list provided by HRSA of all HCs with at least 1 site that was a community-based primary care clinic. A total of 1007 HCs were sent the questionnaire and 795 responded (79% response rate). HCs responded to questions about their patients' access to care, specialist referrals and procedures, coordination of care among providers and across settings, and engagement in quality-improvement activities, and performance reporting. The survey also assessed health information technology adoption, ability to track patient information and manage patient care, and opportunities to strengthen HC capacity to be PCMHs. Data were weighted by the number of patients, number of sites, region, and urbanicity to reflect the universe of HCs more accurately.
For this study, we merged the 2009 Commonwealth Fund dataset with the 2009 UDS, generating an analytic sample of 795 HCs. The unique combination of these 2 data sources allow us to examine the relationship between extent of PCMH achievement (from the Commonwealth Fund survey) and clinical performance (from the UDS) while controlling for HC characteristics (from the UDS).
Measures
Dependent Measures
Clinical performance measures included 2 process measures and 2 outcome measures: (1) percent of children who received all required vaccines by their second birthday;
(2) percent of female patients aged 24-64 who received at least 1 Pap test in the past 3 years; (3) percent of patients 18-75 years diagnosed with type 1 or type 2 diabetes who had their blood sugar levels under control (HbA1cr9% and HbA1c < 7%); and (4) percent of patients 18-85 years diagnosed with hypertension who had their blood pressure under control (last blood pressure check <140/90 mm Hg). All 4 measures are part of the National Committee for Quality Assurance Healthcare Effectiveness Data and Information Set tool (note that the guidelines for blood pressure control have changed since 2009). 2 In addition, the measures were the first to be introduced in the UDS, providing HCs the opportunity to improve their performance over time.
Independent Measures
The SNMHS, a measure comprised of subscales developed to measure PCMH adoption within safety-net settings, evidenced adequate reliability and validity in the development sample. 16, 17 The SNMHS is comprised of 52 items across 6 subscales (summarized into indexes based on the scoring algorithm provided by the developer): access and communication (ability to contact patients in a timely manner, offer translation services); patient tracking and registry (ability to list patients by clinical characteristics); care management (ability to manage patient care through reminders, education, care coordination); test and referral tracking (ability to monitor from point of order until result is received); quality improvement (ability to systematically collect performance data and improve care); and external coordination (ability to refer and receive external updates on patients). 16, 17 Each subscale is scored on a scale of 0 (worst) to 100 (best), and the average of scores across these subscales provides a total score (also on a scale of 0-100) indicating the level of adoption of the PCMH model. Using our own sample, we performed internal consistency analyses for each subscale and found that each of the six PCMH subscales had Cronbach's alpha of at least 0.70.
Covariate Measures
Control measures included patient, provider, financial, and institutional characteristics. 8 Patient characteristics included: total number of patients; percent of minority patients (including non-Hispanic Asian, non-Hispanic Hawaiian/ Other Pacific Islander, non-Hispanic Black/African American, non-Hispanic American Indian/Alaska Native, and Hispanic/Latino); percent of uninsured patients; percent of Medicaid-insured patients; percent of patients with managed care; and percent of patients with chronic conditions (ie, HIV, asthma, chronic bronchitis and emphysema, diabetes mellitus, heart disease, hypertension).
Provider characteristics included primary care team (physician, nurse practitioner, physician assistant, certified nurse midwife, or nurse) full-time equivalent (FTE) per 10,000 total patients and enabling service provider (case manager or health educator) FTE per 10,000 total patients. Financial characteristics included percent of total revenue from services (ie, insurance payments, patient self-pay fees) and net revenue.
Institutional characteristics included rural/urban status, length of HC history ("established" HCs receiving HRSA funding for at least 3 y vs. "new" HCs receiving HRSA funding for <3 y), and method for reporting clinical performance measures [electronic health records (EHR) vs. manual extraction of paper records]. HCs who reported their clinical performance indicators using EHRs reported on the universe of their target population, whereas HCs that chose manual extraction identified a random sample of 75 patients for a particular clinical indicator. Finally, HRSA operating divisions included 4 categories (Northeast, North Central, Southwest, Central Southeast).
Analysis
The unit of analysis was the HC. We conducted both descriptive and explanatory analyses. First, we obtained means and SEs on all measures included in the analyses. Next, we conducted adjusted multivariate linear regressions of SNMHS total and subscale scores (respectively) on clinical performance measures, adjusting for patient, provider, financial, and institutional characteristics. We accounted for multiple hypothesis testing using the Bonferroni correction. To ensure that the total error did not exceed a level of.05, tests of statistical significance in adjusted analyses were conducted at the 0.01 level. All analyses were performed using SAS, version 9.3. Table 1 displays the patient, provider, financial, and institutional characteristics of the HCs surveyed. A total of 795 HCs were included in the analysis, each serving on average over 18,000 patients. This sample was compared with the overall population of 1131 HCs.
RESULTS
HC Characteristics
Surveyed HCs provided services to a large percentage of minority patients (49%), uninsured patients (40%), Medicaid patients (32%), managed care patients (17%), and patients with at least 1 chronic condition (24%). On average, there were approximately 8 primary care provider FTEs, and 7 enabling service provider FTEs per HC. HCs received a majority (66%) of their revenue from service-related payments. Most HCs (93%) were established for at least 3 years, and over half (55%) were located in rural areas. Most HCs reported their clinical performance measures using samples of paper medical records rather than EHRs.
Surveyed HCs did not differ from the population of HCs, with 2 exceptions: surveyed HCs received a slightly greater proportion of their revenue from services, compared with all HCs, and a greater proportion of surveyed HCs were established for at least 3 years, compared with all HCs. Table 2 shows the average rate of clinical performance measures for the selected preventive services and outcomes. The adherence rate for diabetes control was 72% using the more liberal definition (HbA1cr9%), and 40% using the more stringent definition (HbA1c < 7%). Rates of childhood immunization and hypertension control were both 63%, and the rate for cervical cancer screening was 54%. Among the SNMHS subscales, the lowest average score was for care management (47) and the highest scores were for test and referral tracking (68), followed by access and communication (65), and patient tracking and registry (62). Table 3 depicts the results of adjusted multivariate regressions of PCMH total and domain scores on clinical performance measures, controlling for patient, provider, financial, and institutional characteristics.
PCMH Adoption and Clinical Performance
The relationship between total PCMH score and clinical performance measures was not significant in the multivariate analyses. However, increased scores on the access and communication subscale were significantly associated with better performance on the diabetes control measures (ie, a 10point increase in the access and communication subscale score is associated with almost 1% improvement in the diabetes control rate). In addition, improvements in the external coordination subscale were significantly associated with the improvements in childhood immunizations (ie, a 10-point increase in the external coordination subscale score is associated with 1.1% improvement in the immunization rate), and improvements in the care management subscale were associated with improved cervical cancer screening rates (ie, a 10point increase in the care management subscale score is associated with over 1% improvement in the Pap test rate). Finally, there was also an inverse relationship between the patient tracking and registry subscale and some clinical performance measures such as childhood immunization, Pap test, and diabetes control. After employing the Bonferroni correction to account for multiple hypothesis testing, the access/communication and patient tracking/registry domains of PCMH remained significantly associated with certain performance measures.
In terms of other characteristics, minority patients, primary care providers, and total service revenue had positive association with certain clinical performance measures, whereas uninsured patients, Medicaid patients, patients with chronic conditions, and the use of EHR in reporting showed negative association with certain clinical performance measures.
DISCUSSION
We sought to determine if adoption of PCMH characteristics is associated with better clinical performance, by characterizing the level of PCMH transformation in HCs as of 2009 utilizing the SNMHS, and examining the association between PCMH domains and clinical performance measures.
After adjusting for patient, provider, financial, and institutional characteristics, and accounting for multiple hypothesis testing, the findings showed different directional relationships. Some PCMH domains showed no significant effect (at the P < 0.01 level) on outcome measures of interest (ie, quality improvement, test/referral tracking, care management, external coordination), 1 domain was associated with improved outcomes (ie, access/communication), and 1 domain was associated with worse outcomes (ie, patient tracking/registry). The finding that access and communication stood out as a critical PCMH subdomain in influencing clinical performance highlights the importance of focusing on patients. As the relationships between PCMH domains and clinical performance measures varied by domain, the total PCMH score comprising all domains did not show any significance. The mixed results highlight the importance of examining relationships between specific PCMH domains and specific clinical quality measures, rather than analyzing overall PCMH scores which could yield distorted findings.
Furthermore, it is important to identify underlying mechanisms that drive our findings. For instance, the inverse relationship between patient tracking/registry and clinical performance maybe because EHRs track outcomes on all patients in the universe of a clinical practice, whereas manual chart reviews may be biased if a nonrandom sample of patients is selected to report on clinical measures. Similarly, the inverse relationship may be due to providers' increased comfort with patient tracking. Specifically, the SNMHS patient tracking and registry subscale is determined by the ability to generate lists of patients by diagnosis, patients by provider, and patients who are due for tests or preventive care. 16 Thus, this score actually captures providers' ability to generate these lists. As providers' ability to generate these lists improves, they are better able to track and document their entire target patient population.
Likewise, the finding that access and communication stood out as pivotal in influencing clinical performance suggests that patient-centered care is important throughout the continuum of patient care, from getting them into the health care system to their ongoing care experience. 
